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@ Navigation device. 



(|7) A navigation device includes measure device 
(1-4) for measuring current position and travel 
direction of a vehicle, display device (15) for 
displaying a map information corresponding to 
the detected current position of the vehide and 
vehicle position mark indicating the current 
position and travel direction of the vehide, 
measurement accuracy discriminating device 
(5) for discriminating the measurement accu- 
racy of the current position and the travel direc- 
tion detected by the measure device, and 
display control device (13), coupled to the dis- 
play device and the measurement accuracy dis- 
criminating device, for varying a display mode 
of the vehicle position mark in accordance with 
the discriminated measurement accuracy. With 
this construction, the variation of measurement 
accuracy can be easily discriminated, and thus 
ttie erroneous recognition of the vehicle posi- 
tion can bB effectively avoided. 
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BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a navigation device s 
which supports driving of a vehicle such as a car or 
the like by displaying a current position maric indicat- 
ing the current position of the vehlde on a map, and 
more particularly to a navigation device which dis- 
plays accuracy of a measurement of a current posi- io 
tion and a travel direction of the vehicle. 

Description of Prior Art: 

A navigation device installed in a vehicle such as is 
a car or t he I ike has been required to accurately meas- 
ure current position and travel direction of the vehicle 
and then accurately and rapidly display, on a display 
unit the current position, the travel direction of the 
vehicle and ot her information satisfying an user's de- 20 
mand as a map information corresponding to the cur- 
rent position, a vehicle position mark or the like for as- 
sistance to a driver. 

The current position and travel direction of the 
vehicle are calculated from electric wave transmitted 2S 
from a GPS (Global Positioning System) satellite 
(hereinafter referred to as "GPS positioning meth- 
od"), or from data of a direction sensor such as a gyro, 
a geomagnetic sensor or the like and a travel distance 
sensor for measuring a travel distance or the like, 30 
each installed In the vehlde (hereinafter referred to 
as "stand-alone type positioning method"). The GPS 
positioning method has various advantages such as 
that it is not required to set in advance a vehicle pos- 
ition on a map and that the positioning errorof the ve- 35 
hide position is remarkably small and accordingly 
high reliability can be achieved. Therefore, the GPS 
positioning method is very effective. 

In a GPS positioning device using the GPS pos- 
itioning method, when the GPS positioning device 40 
can contact with three satellites (that is, the device 
can receive electric signals from three satellites), a 
latitude/longitude data and a travel direction data can 
be calculated on the basis of the received signals as 
a two-dimensional information. Further, when the de- 45 
vice can contact with four or more satellites, in addi- 
tion to the above two-dimensional information, an al- 
titude data can be further calculated as a three- 
dimensional information and output from the device. 
With respect to the measurement accuracy, the so 
measurement accuracy is higher in a case where the 
GPS positioning device can contact with the four or 
more satellites (hereinafter referred to as "above-four 
satellite condition") than in a case where the device 
can contact with the three satellites (hereinafter re- ss 
ferred to as "three-satellite condition"). The measure- 
ment accuracy is varied in accordance with the nunrv- 
ber of satellites (three or above four in the above ex- 



ample) which can be contacted with by the GPS pos- 
itioning device. In other word, the measurement ac- 
curacy is changed over between high accuracy and 
low accuracy in accord a nee with the satellite-contact- 
ing condition. Therefore, if an userchecks the vehicle 
position with user's sense of high accuracy although 
the actual measurement operation is carried out un- 
der the three-satellite condition (low-accuracy condi- 
tion), there would occurs an erroneous recognition of 
the actual position of the vehicle. In order to avoid 
such an erroneous recognition of the actual vehicle 
position, one of display marks "2D" and "3D'*, respec- 
tively representing a measurement operation under 
the three-satellite condition or a measurement oper- 
ation under the above-four satellite condition, is se- 
lectively displayed on the displayed map. 

However, since an user mainly sees a current ve- 
hicle position and its neighborhood on the displayed 
map to check the position of his vehide, such a dis- 
play mark iiKlicating the measurerr^nt condition is 
hardly noticed by the user Accordingly, the variation 
of the measurement condition is firequentiy over- 
looked. 

SUMMARY OF THE INVENTION 

it Is an object of this invention to provide a navi- 
gation device which enables the user to easily and 
rapidly recognize the variation of measurement con- 
dition, in order to avoid the erroneous recognition of 
a vehicle position or the like. 

According to one aspect of the invention, there is 
provided a navigation device Induding: measure de- 
vice for measuring current position and travel direc- 
tion of a vehicle, display device for displaying a map 
information corresponding to the detected current 
position of the vehicle and vehicle position nr^rk in- 
dicating the current position and travel direction of 
the vehicle, measurement accuracy discriminating 
device for discriminating the measurement accuracy 
of the current position and the travel direction which 
is measured by the measure devk^e, and display con- 
trol device, coupled to the display device and the 
measurement accuracy discriminating device, for 
varying a display mode of the vehide position mark 
in accordance with the discriminated measurement 
accuracy. 

According to the navigation device of this inven- 
tion thus constructed, the map information and the 
vehide position mark indicating of the current posi- 
tion and travel direction of the vehicle are displayed 
on the basis of the current position and travel direc- 
tion data measured by the detectk>n device. A meas- 
urement condition of the detection device is moni- 
tored, on the basis of an data output from the meas- 
ure device, by the measurement accuracy discrimin- 
ating device at all times in order to discriminate the 
measurement accuracy of each of the current posl- 
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tion and the travel direction. For exannple, the dis- 
crimination device discriminates whether the meas- 
urement operation is carried out under a high- 
accuracy measurement condition or under a low-ac- 
curacy measurement condition. Plural kinds (modes) 5 
of vehicle position marks, each Indicating different 
measurement accuracy modes of the current position 
and travel direction are beforehand provided to the 
display device. The display device is so controlled 
that one vehicle position mark currently used Is io 
switched to another mode when the discrimination re- 
sult of the measurement accuracy discriminating de- 
vbe is changed. 

BRIEF DESCRIPTION OF THE DRAWINGS is 

FIG. 1 is a block diagram showing an embodiment 
of a navigation device according to this invention; 
FIG. 2 is a diagram showing a display example of 
a vehicle positk)n mark in the embodiment; 20 
FIG. 3 is a diagram showing another display ex- 
ample of the vehicle position mark in the embodi- 
ment; 

FIG. 4 is a diagram showing still another display 
example of the vehicle position mark in the em- 2S 
bodiment; and 

FIG. 5 Is a diagram showing still another display 
example of the vehicle position mark in the em- 
bodiment. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment according to this Inven- 
tion will now be described below with reference to the 
accompanying drawings. 3S 

FIG. 1 is a block diagram showing an emt>odiment 
of a navigation device according to the present Inven- 
tion. As shown in FIG. 1, the navigation device for a 
vehicle Includes a geomagnetic sensor 1 for output- 
ting a directk>n data of the vehicle on the basis of ge- 40 
omagnetism (earth magnetism), an angular velocity 
sensor 2 for detecting an angular velocity of the vehi- 
cle, a travel-distance sensor 3 for measuring a travel 
distance of the vehicle and a GPS measurement de- 
vice for receiving electric waves from a plurality of 45 
GPS satellites to conduct calculations based on the 
received signals and generating and outputting navi- 
gation data such as data of latitude, longitude, alti- 
tude and travel direction of the vehicle, the number of 
satellites contacted with the navigation device, etc. so 
The navigation device further includes a system con- 
troller 5 for executing various processings such as 
calculation, control, etc., a key board 14 for inputting 
various instructions Into the system controller 5, and 
a display 1 5 such as a liquid crystal display, a CRT or ss 
the like. 

The system controller 5 includes an interface 6 
for receiving the output signals from the geometric 



sensor 1, the travel distance sensor 3 and the GPS 
positioning device 4 and subjecting these outputs to 
A/D conversion, a CPU (Central Processing Unit) 7 for 
carrying out various calculations and controls In ac- 
cordance with programs, a ROM (Read Only Mem- 
ory) 8 in which various processing programs and 
other necessary informatbn are k>eforehand stored, 
a RAM (Random Access Memory) 9 in and from which 
information required to execute the grog rams are 
written and read, a recording medium 10 such as a 
CD-ROM, an IC card or the like in which digital ized 
map information, etc. are recorded, a buffer mennory 
1 1 such as V-RAM (vkleo RAM) or the like for tempor- 
arily storing, as a frame buffer, an Image information 
to t>e directly displayed, a graphic confroller 12 for in- 
putting graphic data such as map information into the 
buffer memory 11 and outputting the data stored in 
the buffer memory 11 as image information in re- 
sponse to the instruction from the CPU 7, and a dis- 
play control circuit 1 3 for receiving the image informa- 
tion outputfrom the graphic confroller 12 and control- 
ling an image display operation of the display 15 on 
the basis of the received image information. 

When the navigation device thus constructed is 
activated, the system confroller 5 reads out informa- 
tion for access of the map display information and a 
display Information for the vehicle position mark, etc. 
from the recording medium 10, and then stores these 
Informatbn Into the RAM 9. Subsequently, the sys- 
tem controller 5 obtains a latitude/longitude data cor- 
responding to vehicle position Information and fravel 
direction information of the vehicle through the GPS 
positioning device 4, and reads out the map infornna- 
tion corresponding to the obtained vehide positkDn 
from the recording medium 10. The read-out map In- 
formation is fed to the graphic confroller 12 to be dis- 
played as the current position map on the display 15. 
In addition, a processing of displaying the vehicle 
position mark on the map Is conducted on the basis 
of the vehicle position information and the fravel di- 
rection Information. Subsequently, the vehicle posi- 
tion information and the travel direction information 
are periodically obtained from the GPS positioning 
device 4 to conduct a renewing the display position, 
direction of the vehicle pos'rtton mark, and the display 
map if necessary. Further, the output data from the 
geomagnetic sensor 1 , the angular velocity sensor 2 
and the travel distance sensor 3 are periodically read 
out and then subjected to a predetermined calcula- 
tion to produce the vehicle position and the fravel di- 
rection of the vehicle. After comparing the calculated 
informatk>n with the information from the GPS posi- 
tioning device 4, a correction is carried out to reduce 
the devlatbn (error) between these information. 

Further, in this embodiment, the system confrol- 
ler 5 periodically receives information of satellite-con- 
tacting condition from the GPS positioning device 4 
tojudge whether the vehicle positbn Information has 
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been calculated under a three-satellite condition (low 
measurement accuracy condltton) where the naviga- 
tion device contacts with three satellites for data 
transmission or under an above-four satellite condi- 
tion (high measurement accuracy condition) where 5 
the navigation device contacts with four or more sat- 
ellites. Simultaneously, it is also judged on the basis 
of the travel direction information whether the travel 
direction information has t>een calculated under the 
low measurement accuracy condition) or high meas- io 
urement accuracy condition. When the vehicle runs 
at low speed, the travel directbn Information Is output 
under the low measurement accuracy condition 
while, when the vehicle runs at high speed, the travel 
direction Information is output under the high meas- is 
urement accuracy condition. 

In this embodiment, four kinds of shapes are pro- 
vided to the vehicle position marl(, and one of these 
shapes is selected and displayed as the vehicle pos- 
ition mark in accordance with the measurement ac- 20 
curacy of each of the vehicle position and the travel 
direction. FIGS. 2 to 5 show examples of the vehicle 
position mark on the display map with explanatory di- 
agrams which are located outside of the respective 
map firames. FIG. 2 shows the example of the vehicle 25 
position mark when both of the measurement accu- 
racy for the vehtele position and the measurement ac- 
curacy for the travel direction are high, FIG. 3 shows 
the example when the measurement accuracy for the 
vehicle position is high and the measurement accu- 30 
racy for the travel direction Is low, FIG. 4 shows the 
example when the measurement accuracy fcM* the ve- 
hicle position is low and the measurement accuracy 
for the travel direction is high, and FIG. 5 shows the 
example when both of the measurement accuracy for 35 
the vehicle position and the measurement accuracy 
for the travel direction are low. The system controller 
5 selects one of the above four conditions after dis- 
criminating the measurement accuracy for each of 
the vehkile position and the travel direction, and car- 40 
ries out a switching the display of the vehicle position 
mark in response to the discriminated measurement 
condition when the measurement accuracy is varied. 

In the explanatory diagrams for the vehicle pos- 
ition mark as shown in FIGS. 2 to 5, the reference 45 
mark "a" represents a scale circle indicating an area 
within a predetermined distance (for example, a cirde 
of 100 m in radius) from the vehkrfe position. The ra- 
dius of the scale circle "a" is invariable and is a fixed 
value. The reference mark "b" represents a circle in- so 
dicating the accuracy of a measured vehicle position. 
The display of the circle "b" is switched as follows. As 
shown in FIGS. 2 and 3, when the measurement ac- 
curacy of the vehicle position Is high, that is, when the 
measurement operation is carried out using four or 55 
more GPS satellites, the measurement accuracy is 
represented by a small circle. On the other hand, as 
shown In FIGS. 4 and 5, when the measurement ac- 



curacy of the vehicle position is low, that is, the meas- 
urement operation is carried out using three GPS sat- 
ellites, it is represented by a large circle. 

The reference mark "c" represents the measure- 
ment accuracy of the travel direction of the vehicle. 
The display of the h-avel direction Is switched as fol- 
lows. As shown in FIGS. 2 and 4, when the measure- 
ment accuracy of the travel direction Is high, the trav- 
el direction is displayed with the shape of an iso- 
sceles triangle. On the other hand, as shown in FIGS. 
3 and 5, when the measurement accuracy of the trav- 
el direction Is low, the travel direction Is displayed 
with a black circle which indicates no direction. 

As described above, according to this embodi- 
ment, the measurement accuracy for the vehicle pos- 
ition and the measurement accuracy for the travel di- 
rection are represented by varying the shape and 
size of the vehicle position mark. Since the user fre- 
quently fixes his eyes on the vehicle position mark 
and its neighborhood on the display map, the naviga- 
tion device of this embodiment enables the user to 
more easily recognize the measurement accuracy for 
each of the vehicle position and the travel direction 
than the conventional navigation device in which the 
measurement accuracy for each of the vehicle posi- 
tion and the travel direction is represented with a 
symbol or the like located on the peripheral portion of 
the map. Further, the navigation device of this em- 
bodiment enables the user to easily recognize the va- 
riation of the measurement accuracy by seeing only 
the vehicle position mark on the display. 

In the above embodiment, the measurement ac- 
curacy of the vehicle position and the measurement 
accuracy of the travel direction are represented with 
the size of a circle and the display shape of a triangle, 
respectively. However, this invention is not limited to 
the above display style, and any type of display such 
as changing colors etc. may be used insofar as the 
variation of the measurement accuracy Is easily rec- 
ognizable based on the display style. 

In addition. In the above embodiment, the meas- 
urement accuracy of the vehicle position is deter- 
mined on the basis of the number of contacted satel- 
lites, however, this inventk>n is not limited to this 
method. The GPS positioning method is a very effec- 
tive, but has a disadvantage that a positioning oper- 
ation can not be carried out in buildings, in a tunnel 
or beside woods. Therefore, this disadvantage of the 
GPS positioning method has been compensated by 
using the GPS positioning method and the stand- 
alone type positioning method in combination. How- 
ever, the stand-alone type positioning method has a 
disadvantage that a detection data does not always 
have high accuracy due to an accumulated error, tem- 
perature variation, a conditk>n inside of a vehicle, etc. 
Therefore, the positioning operation can not always 
be performed with high accuracy even when the two 
types of positioning methods are used In combination 
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to compensate with each other. Accordingly, there 
frequently occurs a case where the measurement ac- 
curacy for each of the vehicle position and the travel 
direction is reduced due to various environments and 
conditions in the actual travelling process. In order to 
overcome this problem, as an application of the pres- 
ent invention, the measurement accuracy may be dtv- 
ided Into multiple levels form low measurement accu- 
racy level to high measurement accuracy level and 
discriminated as one of the levels. In this case, the 
size or shape of a circle displayed may be varied in 
correspondence with the divided multiple measure- 
ment accuracy levels. The same manner is applicable 
to the measurement accuracy of the travel direction. 

As described above, according to the navigation 
device of this invention, the measurement accuracy 
condition can be easily and rapidly recognized. In ad- 
dition, the variation of the measurement accuracy 
can be easily recognized by seeing only the current 
vehicle position mark on the display, so that the er- 
roneous recognition of the current position can be 
avoided. 
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A navigation device according to claim 1, wherein 
said display control means varies the display 
mode by changing shape, size or color of vehicle 
position mark indicating current position of the 
vehicle. 

A navigation device according to claim 1, wherein 
said measure means comprises a geomagnetic 
sensor (1), angular velocity sensor (2) and a trav- 
el distance sensor(3). 

A navigation device according to claim 1, wherein 
said measure means comprises a geomagnetic 
sensor, angular velocity sensor, a travel distance 
sensor and a GPS measuring device. 
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Anavlgatk>n devkse comprising: 

measure means (1-4) for measuring cur- 
rent positton and travel direction of a vehicle; 

display means (15) for displaying a map In- 
formation corresponding to the detected current 
position of the vehicle and vehicle position mark 
indicating the current position and travel direc- 
tion of the vehicle; 

measurement accuracy discriminating 
means (5) for discriminating the measurement 
accuracy of the current position and the travel di- 
rection detected by said measure means; and 

display control means (1 3), coupled to said 
display means and said measurement accuracy 
discriminating means, for varying a display mode 
of the vehicle position mark in accordance with 
the discriminated measurement accuracy. 
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A navigation device according to daim 1 , wherein 
said measure means comprises a GPS measure- 
ment device (4). 
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3. A navigation device according to claim 2, wherein 
said measurement accuracy discriminating 
means discriminates a measurement accuracy of 
the current position of the vehicle on the basis of 
the number of satellites contacting with the GPS 
measurement device and discriminates the travel 
direction of the vehicle on the basis of the run- 
ning speed information of the vehicle produced 
by the GPS measurement device. 
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